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This invention reiates to catalyst sujab. .tar anSmore particu.ar.y in a 

The catalyst can be used in an improved PJJ^JgJJ ^^yoiefins produced so as to obta.n 
method of controlling the ™^"™f Q S^hfaS densiK The invention particularly relates 

molecular weight polyolefins of f"* 0 "^ weight control 

addition of controlled amounts * htf^e" * ?^Sb5 Sle catalyst system comprising the 
was described as useful in combination , w rth a hydroca bon mso v ^ nometalllc 

reaction product of a compound of a metal o ^0^^ metal or rare earth metal. The patent teaches 

SKSST-K SSSS^TS^ - cess — in » e decrease of po,ymer 

product viscosity. met allocenes such as bis(cyclopentadienyl) titanium or zirconium 

polymerisation of ethylene. ^mocpq the use of a catalyst system for the polymerization of 

alkyl, an aluminum trialkyl ~catelyst ar water. f ing etnylene and atactic propylene 

European Patent Appln N £S 2 ^ compound of the 

30 — 3 a,kYl or meta,, ° 

a,ky, Tne°ab P ove n paSnU diSeTat the polymerization process employing the homogeneous catalyst 
system is also hydrogen sensitive system, is their extremely high 

An advantage of the ^f^^ 
activity for ethylene polymerization. Another^ unS aturation is present in 

in the presence of convention^ "^S^ 

polymers produced in . the presenca of ^^^3^!?!^^^* since the terminal 

polymerization temperatures. Hoc : ra hiP to maximize polymerization temperatures in order to 

As Is generally kno«n m the art, it is «sirat*r » ^™"',?°' v ™ „, eneroy recovery. The eetslyst 
« aehle«ehi 9 hpolvraetl.ationecti».t»enJ ^racWc ^'^"^J^^^weigShishderartW 

""^KTeptesen. Invention 

unsaturation. mo | ecu lar weioht of polymer product can be controlled by the judicious 

to molecular weight and density. „ n i„ mer s 2a tion of ethylene and alpha-olefins to polyethylene 

The catalysts usefully employed for the .P^"2 er,zat ^" ?V new metallocenes in combination with 
homopolyolefins and ^Polyethylene- alp^-olefin ™ ™ invention are organometallic 
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Periodic Table and include mono, di and tricyclopentadieny. and theirderivatives ^jmM^n^ 
Se metallocenes include those represented by the ^J^^^'^SUb^r 
R".(C 5 R'J 2 MeQ' wherein Me is a Group 4b, 5fc o ■ 6b metal of the Period* : la i bstituted 
Company's Handbook of Chemistry & Physics, 48th edit ion). C.R J m a cy W nta J such as 

5 cyclopentadienyl, each R', which can be the same ,o differ* ™t » hydroge ahyo Y gtoms ^ 

" h ^„%" e ™,'v. » jSSJUfSS*-- on, « u» Cannes. 1M. » - 

carbene represented by the formula 
' 5 Cp 2 Zr=CH 2 -P(C 6 H 5 ) 2 CH, 

and its derivative of the formula 
20 Cp, ZrCHgCH(CH,)C H 2 

and the carbene represented by the formula 

CpJi-CIVAKCHslsCI 

and the derivatives of this carbene 

Cp 2 Ti=CH 2 -AI(CH 3 ) 3 , (Cp 2 TiCH 2 ) 2 , 
Cp, TiCH 2 CH(CH 3 )C H 2 , Cp 2 Ti=CH 2 • AIR"' 2 CI, 

wherein Cp is a cyclopentadienyl or substituted cyclopentadienyl radical, and R'" is an alkyl, aryl or 
alkylaryl radical having from 1—18 carbon atoms. 

The molecular weight of the polymer product can be further controlled by the ratio of alumoxane to 

meta Tt C nr e e se °nt MoZ also pmvides a process for producing polyethylenes having molecular weight at 
comonomer content. ms ^ g cala|ytjc process for the 

mmmmm 

Illustrative of the higher alpha-olefins are butene-1, hexene-1 and octene-1. 
^^TaTumoxanes are polymeric **™J%^^ 

the general formula R is a C,-C, i ! JJJJ J* is ' methyl . Generally, in the preparation of alumoxanes 
" a ro d m" 'f^reSTe^mi^ a mLl. of the linear and cyclic compounds ,s 
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form of a moist solvent In an alternative method, the aluminum alkyl such as aluminum trlmethyl can be 
desirably contacted with a hydrated salt such as hydrated copper sulfate. 

Preferably, the alumoxane is prepared in the presence of a hydrated copper sulfate. The method 
comprises treating a dilute solution of aluminum trimethyl in, for example, toluene, with copper sulfate 
5 represented by the general formula CuS0 4 - 5H 2 0. The ratio of copper sulfate to aluminum tnmethyl is 
desirably about 1 mole of copper sulfate for 4 to 5 moles of aluminum trimethyl. The reaction is evidenced 
by the evolution of methane. 

The new metallocene compounds usefully employed in accordance with this invention are the mono, 
bi and tricyclopentadienyl or substituted cyclopentadienyl metal compounds. The metallocenes are 
70 represented by the general formula 

(C 5 R'J p R'' a (C 5 R' m )MeQ 3 - p , R",(C s R' m ) 2 MeQ' 

or a derivative thereof as specified above. 
75 Exemplary hydrocarbyl radicals are methyl, ethyl, propyl, butyl, amyl, Isoamyl, hexo, isobutyl, heptyl, 
octyl, nonyl, dicyl, cetyl, 2-ethylhexyl and phenyl. 

Exemplary alkylene radicals are methylene, ethylene and propylene. 

Exemplary halogen atoms include chlorine, bromine and iodine and of these halogen atoms, chlorine 
is preferred. 

20 Exemplary of the alkylidene radicals is methylidene, ethylidene and propyhdene. 

Of the metallocenes, zirconocenes and titanocenes are most preferred. Illustrative but non-limiting 
examples of these metallocenes which can be usefully employed in accordance with this invention are 
monocyclopentadienyl titanocenes such as pentamethylcyclopentadienyl titanium trichloride; substituted 
bis(Cp)TitfV) compounds such as bis(indenyl)Ti diphenyl or dichloride, bis(methylcyclopentadienyl)Ti 

2$ diphenyl or dihalides and other dihalide complexes; dialkyl, trialkyl* tetra-alkyl and penta-alkyl cyclopenta- 
dienyl titanium compounds such as bis{1,2 - dimethylcyclopentadienyDTi diphenyl or dichloride, bis(1,2 - 
diethylcyclopentadienyOTi diphenyl or dichloride and other dihalide complexes; silicone, phosphine, 
amine or carbon bridged cyclopentadiene complexes, such as dimethyl silyldicyclopentadienyl titanium 
diphenyl or dichloride, methyl phosphine dicyclopentadienyl titanium diphenyl or dichloride, methylene- 

30 dicyclopentadienyl titanium diphenyl or dichloride, ethylene bis (4,5,6,7 - tetrahydroindenyl)titanium 
dichloride and other dihalide complexes. 

Illustrative but non-limiting examples of the zirconocenes which can be usefully employed in 
accordance with this invention are pentamethylcyclopentadienyl zirconium trichloride, the alkyl substituted 
cyclopentadienes, such as bisfethyl cyclopentadienyl)zirconium dimethyl, bis(0 - phenyipropylcyciopenta- 

35 dienyl)zirconium dimethyl, bis(methylcyclopentadienyl)zirconium dimethyl, and dihalide complexes of the 
above; di-alkyl, tri-alkyl, tetra-alkyl, and penta-alkyl cyclopentadienes, such as bis(tetramethylcyclopenta- 
dienyDzirconium dimethyl, bis(pentamethylcyciopentadienyl)zirconium dimethyl, bis(1,2 - dimethylcyclo- 
pentadienyOzirconium dimethyl, bis(1,3 - diethylcyclopentadienyDzirconium dimethyl and dihalide 
complexes of the above; silicone, phosphorus, and carbon bridged cyclopentadiene complexes such as 

40 dimethylsilyldicyclopentadienyl zirconium dimethyl or dihalide and methylphosphine dicyclopentadienyl 
zirconium dimethyl or dihalide, and methylene dicyclopentadienyl zirconium dimethyl or dihalide. 

The ratio of aluminum in the alumoxane to total metal in the metallocene or carbene can be in the 
range of 0.5:1 to 10,000:1, and preferably 5:1 to 1000:1. 

The solvents used in the preparation of the catalyst system are inert hydrocarbons, in particular a 

*s hydrocarbon that is inert with respect to the catalyst system. Such solvents are well known and include, for 
example, isobutane, butane, pentane, hexane, heptane, octane, cyclohexane, methylcyclohexane, toluene 
and xylene. 

As a further control and refinement of polymer molecular weight, one can vary the concentration 
alumoxane. Higher concentrations of alumoxane in the catalyst system results in higher polymer product 
so molecular weight. 

Since, in accordance with this invention, one can produce high viscosity polymer product at relatively 
high temperature, temperature does not constitute a limiting parameter as with the prior art metallocene/ 
alumoxane catalyst. The catalyst systems described herein, therefore, are suitable for the polymerization of 
olefins in solution, slurry or gas phase polymerizations and over a wide range of temperatures and 
55 pressures. For example, such temperatures may be in the range of -60°C to 280°C and especially in the 
range of 50°C to 160°C. The pressures employed in the process of the present invention are those well 
known for, for example, in the range of about 1 to about 500 atmospheres (99.3 to 49644 kPa) and greater. 

In a solution phase polymerization the alumoxane is preferably dissolved in a suitable solvent, typically 
in inert hydrocarbon solvent such as toluene and xylene in molar ratios of about 5x10" 3 M. However 
60 greater or lesser amounts can be used. 

The soluble metallocenes can be converted to supported heterogeneous catalysts by depositing said 
metallocenes on typical catalyst supports such as, for example, silica, alumina, and polyethylene. The solid 
catalysts in combination with an alumoxane can be usefully employed in slurry and gas phase olefin 
polymerizations. 

65 After polymerization and deactivation of the catalyst, the product polymer can be recovered by 
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Weight Distribution (EP-A-1 28 045). .„ wontinn are capable of being fabricated into a 

lSi * ,he ,0 "'™ , "' 3 exam '' 

IS J OrclsS 5™.rton Chromatography). The J~~"^ perform eO at 145-C : In TCB a. 1.5 
KSSm was added to all samples. 
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venting and cooling, i J-o 9 01 J"* » K 
a molecular weight distribution of 3.5. 

=mmmimmm 

as substituted for the metallocene in Example z. 
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Examples 6—8 M „ , . _ (l 

Examples 6—8 were performed as Example II except that 0.2 mg of metallocenes as listed in Table II 
and 9.0 cm 3 alumoxane were employed giving an Al/Zr of 8x10 3 . The results are summarized in Table II. 
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TABLE I 

Substituted cyclopentadiene (Cp) ligand effects 






Example 


Catalysf* 


Mw 


Mn 


MWD 


Activity 
kg/g.h;atm 


10 


1 


Cp2ZrCI 2 


140,000 


39,500 


3.5 


252 




2 


(MeCp) 2 ZrCI 2 


212,000 


55,900 


3.8 


467 


15 


3 


{EtCp) 2 ZrCI 2 


171,000 


44,700 


3.8 


306 




4 


(B-PP-Cp) 2 ZrCI 2 b - 


282,000 


78,200 


3.6 


335 




5 


(Me 6 Cp) 2 ZrCI 2 




13 200 


4.7 


71 


20 


•Al/Zr=24,000 
b *pp= phenyl propyl 
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TABLE II 










Example 


Catalyst^ 


Mw 


Mn 


MWD 


Activity 
kg/g.h.atm 


30 


6 


(Me 5 Cp) 2 ZrCI 2 


47,300 


13,200 


3.6 


142 




7 


(MeCp) 2 ZrCI 2 


180,000 


48,300 


3.7 


278 


35 


8 


(EtCp) 2 ZrCI 2 


184,000 


50,000 


3.7 


281 



**AI/Zr=8,000 

The physical properties of a polyethylene are largely determined by the polymer molecular weight and 
<o the polymer density. The previous examples have demonstrated that through the ligand effect, one can 
control the molecular weight of polyethylenes. The following examples demonstrate that through the same 
ligand effects, one can control the polymer density in copolymers such as ethylene copolymers. In addition, 
the control of polymer density in the following examples is demonstrated at fixed reaction conditions 
indicating that density control is mediated by ligand effects on the catalyst reactivity ratios. 

45 

Example 9 (comparative) 

A 1-liter stainless steel pressure vessel, equipped with an incline blade stirrer, an external water jacket 
for temperature control, a septum inlet and vent line, and a regulated supply of dry ethylene and nitrogen, 
was dried and deoxygenated with a nitrogen flow. 400 cm 3 of dry, degassed toluene was introduced 

so directly into the pressure vessel. 10.0 cm 3 of alumoxane solution (0.8 moles in total aluminum) was injected 
into the vessel by a gas tight syringe through the septum inlet and the mixture was stirred at 1,200 rpms 
and 50°C for 5 minutes at 0 psig (99.3 kPa) of nitrogen. 200 cm 3 of liquid propylene at 25°C was then added 
resulting in a pressure of 126.2 psig. (969.4 kPa) 0.113 mg of bis(cyclopentadienyl)zirconium dimethyl.in 10 
ml of toluene was injected through the septum inlet into the vessel. Ethylene at 152.1 psig (1148 kPa) was 

55 admitted and the reaction vessel was maintained at 50°C. The ethylene was passed into the vessel for 30 
minutes at which time the reaction was stopped by rapidly venting and cooling the reactor. 66.0 g of 
copolymer having an intrinsic viscosity of 0.74 was isolated which contained 31 mole % propylene. The 
density was 0.854 g/cm 3 at 23°C. 
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Example 10 

A 1 -liter stainless steel pressure vessel, equipped with an incline blade stirrer, an external water jacket 
for temperature control, a septum inlet and vent line, and a regulated supply of dry ethylene and nitrogen, 
was dried and deoxygenated with a nitrogen flow. 400 cm 3 of dry, degassed toluene was introduced 
directly into the pressure vessel. 10.0 cm 3 of alumoxane solution (0.8 moles in total aluminum) was injected 
into the vessel by a gas tight syringe through the septum inlet and the mixture was stirred at 1,200 rpms 
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a pressure of 126.2 psig. (969.4 kPa) 0.102 mg * cy P (115Q kPa) waa 

ml Of toluene was injected through the septurr , inlet '^^J £J2m passed int0 the vessel for 30 
admitted and the reaction vesse was maintain^ at 6FC. ThaW ana p f 
SSS ^1153^ «W SKch 9 contained .3 mo, * propylene. The 
density was 0.854 g/cm 3 at 23°C. 

for temperature control, a septum inlet and vent l.ne, of in, dega Y ssed7oluene was introduced 

was dried and deoxygenated with a "^J^^^Sm^ ^nole in total aluminum) was injected 
directly into the pressure vessel. 0.0 cm of alum ^SKwd Sa mixture was stirred at 1 200 rpms 
into the vessel by a gas tight syringe through the septum .met a propylene at 25°C was then added 
and 50°C for 5 minutes at 0 psig (99.3 kPa) of "'trogen 200 err, err q P ^ cvclopenta dienyl)zircon.um 
Resulting in a pressure of 126.2 ps.g (969.4 kPa) 0417 ™^X&to?tteleIse\. Ethylene at 151.5 psig 

te.UK which contained 36 mo,e % 

propylene. The density was 0.934 g/cm at 23X. 



Claims 



25 1. A catalyst suitabie for the poiymerisation of an olefin comprising (a, the carbene represented by the 
formula 

Cp 2 Zr=CH 2 P(C 6 H 5 ) 2 CH 3 

30 and its derivative of the formula 

Cp 2 ZrCH 2 CH(CH 3 )C H 2 

and the carbene represented by the formula 
55 Cp 2 H=CH 2 .AI(CH 3 ) 2 CI 

and the derivatives of this carbene 

Cp 2 Ti~CH 2 .AI(CH 3 ) 3 , (Cp 2 TiCH 2 ) 2 , 

40 . 

Cp a TiCH,CH(CH 3 )C H 2 , Cp 2 Ti=CH 2 • AIR"',Cl, 

(C,B*J,R".(C,R'JMeQ l - p or R",(C 5 R'J 2 MeQ', 

wherein Me is a Group 4b. 5b or 6b me^ 
5 o R' which can be of the same or different. « $£^£S$!£ * fused C.-C, ring. R" is a Cr-J. 

having from 1 to 20 carbon atoms ? r *™ R "£TS«Xl phosphine or amine radical bridging two 
. alkylene radical, a dialkyl germanium or b **"J' 0 *J is Vryl alkyl. alkenyl, alkylaryl or arylalkyl rad.cal 
(C S R'J rings, each Q which can be **^* 0t Q ™"*^^ rascal having from 1 to 20 carbon atoms, 
having from 1 to 20 carbon atoms £^^%7tffiaTJw. s is 1 ; m is 5 when s is 0; and that at 
s is 0 or 1, p is 0, 1 or 2; provided that s isO when p is u , nrns an<j gn a|u ane 

ieastoneR'isahydrocarby ra^when ^^■" 0 , 'a^ Iorill e^R'*in^.^ orb^. 
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Feast one R< is a hydrocarbyl radical when ,.-o and or butyl. 

2. A catalyst according to claim \ "he rem when , ns 0. C J ° ( r , ntadienyl , titanium diphenyl. 

3. A catalyst according to claim 1 wherein compound (a) is JJJtjo^P dich , or j d e, bis(ethylcyclo- 
bistcyciopentadieny.) TMWrfl»ttft ^K^gSffl^TSSnlum dichloride. bislpenta- 
pentldienyl) zirconium dichlor.de, bis(B - ffff^SSSSS^ zirconium dimethyl, 
h^!X^"^^^ TZZTl^sh - tetrahydroindenyl, titanium 
diCh i 0 A process for polymerising one or more olefins which compos conducting the polymerisation m 
the preset of a catalyst system as claimed ,n any one of claims 1 to 3. 
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carbon atoms per molecule. 

Cp 2 Zr=CH 2 P(C 6 H s ) 2 CH 3 

10 und sein Derivat der Formel 

Cp, ZrCH 2 CH(CH 3 )p H 2 - 

und das Carben der Formel 
is cp 2 Ti=CH 2 -AI(CH 3 ) 2 CI 

und die Derivate dieses Carbens 

Cp 2 T»=CH 2 • AI(CH,) 3 , (Cp 2 TiCH 2 ) 2 , 

20 

Co, TiCH 2 CH(CH 3 )C H 2 , Cp 2 Ti=CH 2 • AIR"' 2 CI, 

«yt'J,B".(C.(l'JM«0,-, odet R".(CR'm),MeO' 
„ cyclopentadiwylrest 1st. led.r Res! : R 1. der gle j* °™' 0 v £ oh , 8 „ stoHa , om en 1st Oder iwe, R'-Sutantuenw 

0 
0 



Alkenyh AryK Alkylaryl- oaer w^*"™ ' 7 ^ ~ R „ ein Ci _c 4 M 




« 3. Katalysator naoh Anspruch , 1, worm ^JSSSSSAa .Zirkoniumdichlorid, bis(Ethylcyc to- 
bis(Cvclopentadienyl) - ^'^^^S^SSSX^^ - Zirkoniumdichlorid, bis(Penta- 
pentadienyl) .Zirkoniumdichlorid. ^^^hSSSSfl - cyclopentadienyl) - Zirkon.umd.methyl, 

45 -^eShren ,ur Poiymerisation --^^ 
Gegenwart eines Katalysatorsystems nach e.nem der Ansp 

5. Verfahren nach Anspruch 4, bei dem das Olefin Ethy.en oder e,n aipha-O.efin nut 3 b,s 
so Kohlenstoffatomen pro Molekul 1st. 

Revendications 

1. Catalyseur apte a etre utilise pour la polymerisation d'une olefine. comprenant (a) le carbene 
55 represents par la formula 

Cp 2 Zr=CH 2 P(C 6 H 5 ) 2 CH 3 

et son derive de formule 
60 Cp 2 ZrCH 2 CH(CH 3 )C H 2 et 

le carbene represent par la formule 

Cp 2 Ti=CH 2 -AI(CH 3 ) 2 CI 
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et ies derives de ce carbene, 

Cp 2 Ti=CH 2 • AI(CH 3 ) 3 , (Cp 2 TiCH 2 ) 2 , 

5 Cp 2 TiCH 2 CH(CH 3 )C H 2 , Cp 2 Ti=CH 2 • AIR"' 2 a 

oCi Cp est un radical cyclopentadtenyle ou cyclopentadienyle substitue, et R'" est un radical alkyle, aryle ou 
alkylaryle ayant 1 a 18 atomes de carbone; ou un compost de formula 

w (C 6 R , m ) p R / ' t (C 5 R' m )MeQ 3 - p ou R",(C 5 R'J 2 MeQ', 

dans laquelle Me est un metal du Groupe 4b, 5b et 6b, (C 5 R r m) est un radical cyclopentadienyle ou 
cyclopentadienyle substitu6, chacun des R' qui peuvent jetre identiques ou differents represente 
I'hydrogene, un radical alkyle, alcenyle, aryle, alkylaryle ou arylalkyle ayant 1 a 20 atomes de carbone ou 

ib bien deux substituants R' torment ensemble un noyau condense en C 4 a C 6 , R" est un radical alkylene en C, 
a C*, un dialkylgermanium ou une silicone ou un radical alkylphosphine ou amine pontant deux noyaux 
(C 5 R'J, chacun des Q qui peuvent Stre identiques ou differents est un radical aryle, alkyle, alcenyle, 
■ alkylaryle ou arylalkyle ayant 1 a 20 atomes de carbone ou un halogene, Q' est un radical alkylidene ayant 1 
a 20 atomes de carbone, s a la valeur 0 ou 1,p a la valeur 0, 1 ou 2; sous reserve que 5 soit 6gal a 0 lorsquep 

20 est 6gal a 0; que m soit egal a 4 lorsque s est egal a 1 ; que m soit §gal a 5 lorsque s est egal a 0; et qu'au 
moins I'un des R' soit un radical hydrocarbyle lorsque s est <§gal a 0 et Q est un radical alkyle ou un 
halogene, et (b) un alumoxane. 

2. Catalyseur suivant la revendication 1, dans lequel p est egal a 0, Q est le chlore et R est un radical 
methyle, ethyle ou butyle. 

25 3. Catalyseur suivant la revendication 1, dans lequel le compose (a) est le bis(cyclopentadienyl)titane- 
diphenyle, le bis(cyclopentadienyl)Ti=CH 2 Al(CH 3 ) 2 CI, le dichlorure le bis(methylcyclopentadienyl)- 
zirconium, le dichlorure de bis(ethylcyclopentadi§nyl)zirconium, le dichlorure de bis(p - phenylpropyl- 
cyclopentadienyDzirconium, le dichlorure de bis(pentamethylcyclopentadi§nyl)zirconium, le bisftetra- 
methylcyclopentadienyl)zirconium - dimethyle, le bis(ethylcyclopentadienyl)zirconium - dimethyle ou le 

30 dichlorure d'ethylene - bis(4,5,6,7 - tetrahydro - indenylltitane. 

4. Procede de polymerisation d'une ou plusieurs ol^fines, qui consiste a conduire la polymerisation en 
presence d'un catalyseur suivant Tune quelconque des revendications 1 a 3. 

5. Procede suivant la revendication 4, dans lequel I'olefine est I'ethylene ou une alpha-otefine ayant 3 a 
8 atomes de carbone par molecule. 
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